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MULTI-PIECE SOLID GOLF BALL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of copend 
ing application Ser. No. 11/831,462 ?led on Jul. 31, 2007, the 
entire contents of Which are hereby incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a multi-piece golf 
ball having a core and three or more cover layers. More 
speci?cally, the invention relates to a multi-piece solid golf 
ball Which has a high initial velocity and a good feel on shots 
taken With a driver, and Which has a good spin performance on 
approach shots. 
[0003] Numerous golf balls With multilayer covers have 
hitherto been disclosed. For example, various golf balls With 
multilayer covers are described in US. Pat. Nos. 5,833,553, 
6,126,559, 6,220,972, 6,561,928 and 6,309,314. However, 
these prior-art golf balls do not have a good spin receptivity 
on approach shots near the green. 
[0004] A multilayer golf ball is disclosed in US. Pat. No. 
6,585,608, but this ball has a poor controllability on approach 
shots. 
[0005] In the golf balls With multilayer covers disclosed in 
US. Pat Nos. 5,779,562, 6,117,025, 6,152,834, 6,394,914, 
6,213,895 and 6,994,638, the hardness relationships Within 
the multilayer cover have been optimiZed. Yet, it has been 
dif?cult to achieve a suf?ciently high ball initial velocity on 
shots taken With a driver, particularly on shots taken With a 
driver at a high head speed. 
[0006] Up until noW, golf balls obtained by using a conven 
tional ionomer resin to form the innermost cover layer Which 
directly encases the core have not had a good rebound. To 
compensate, one knoWn approach has been to reduce the spin 
rate by increasing the thickness of the inner cover layer made 
of ionomer resin. Unfortunately, this has the opposite effect of 
loWering the rebound. Moreover, increasing the hardness of 
the intermediate cover layer so as to increase the rebound has 
the undesirable effect of loWering the spin performance on 
approach shots. 
[0007] The use of highly neutraliZed ionomer resins as golf 
ball cover materials is knoWn to the art, but such covers are 
relatively thin. Although the golf balls obtained in such cases 
do have an improved rebound compared With golf balls 
obtained using prior-art ionomer resins, the spin rate-loWer 
ing effect on shots taken With a driver has been rather negli 
gible. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide a multi-piece solid golf ball Which, compared With 
golf balls made With cover materials that use conventional 
ionomer resins, has an improved ball rebound, suf?ciently 
reduces the spin rate on shots taken With a driver, thereby 
increasing the total distance traveled by the ball, has a good 
feel on impact, and also has an excellent spin performance on 
approach shots. 
[0009] As a result of extensive investigations, the inventor 
has discovered that, in multi-piece solid golf balls having four 
or more layers, by forming the innermost layer of the cover 
primarily of a highly neutraliZed ionomer and also increasing 
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the thickness of the multilayer cover, the rebound of the ball 
is improved and a spin rate-loWering effect is achieved on 
shots taken With a driver. That is, a distance-increasing effect 
is achieved. The inventor has also found that the ball has a 
good feel on shots With a driver. In addition, the inventor has 
learned that, because the rebound is improved by the inner 
most cover layer, there is no need to increase the hardness of 
the intermediate cover layer, thus resulting in an excellent 
spin performance on approach shots. 
[0010] Accordingly, the invention provides the folloWing 
multi-piece solid golf balls. 
[0011] [1] A multi-piece solid golf ball comprising a core 
Which is obtained by molding under heat a rubber compo 
sition containing a base rubber, a ?ller, an organic perox 
ide, an antioxidant and an 0t,[3-unsaturated carboxylic acid, 
and a cover of at least three layers Which encases the core 
and in Which the cover layers other than an outermost cover 
layer are formed primarily of a thermoplastic resin, 

[0012] Wherein the core has a de?ection When compressed 
under a ?nal load of 1,275 N (130 kgf) from an initial load 
state of 98 N (10 kgf) of more than 3.2 mm; at least one 
intermediate cover layer situated betWeen an innermost cover 
layer and the outermost cover layer has a higher hardness than 
the innermost cover layer and the outermost cover layer; the 
innermost cover layer and the core have a difference in spe 
ci?c gravity therebetWeen of 0.1 or less; the core has a center 
hardness (A) Which satis?es the folloWing condition With 
respect to the Shore D hardness (B) of the innermost cover 
layer: 

the cover has a hardest layer With a Shore D hardness of 58 or 
less; the cover layers have a combined thickness of at least 3.5 
mm; the outermost cover layer has a thickness of from 0.3 to 
0.8 mm; and the innermost cover layer is made of a resin 
composition comprising: 
[0013] 100 parts by Weight of one or a mixture of 

[0014] (a) an ole?n-unsaturated carboxylic acid random 
copolymer and/ or an ole?n-unsaturated carboxylic acid 
unsaturated carboxylic acid ester random copolymer, 
and 

[0015] (d) a metal ion neutralization product of an ole?n 
unsaturated carboxylic acid random copolymer and/or a 
metal ion neutralization product of an ole?n-unsaturated 
carboxylic acid-unsaturated carboxylic acid ester ran 
dom copolymer, 

[0016] (b) from 5 to 150 parts by Weight ofa fatty acid or 
fatty acid derivative having a molecular Weight of at least 228, 
and 

[0017] (c) from 0.1 to 10 parts by Weight of a basic inor 
ganic metal compound Which is capable of neutraliZing acid 
groups in components (a) and/or (d) and in component (b). 
[0018] [2] The multi-piece solid golf ball of [1], Wherein at 

least one intermediate cover layer situated betWeen the 
innermost cover layer and the outermost cover layer is 
made of a resin composition comprising said components 
(a) to (d). 

[0019] [3] The multi-piece solid golf ball of [1], Wherein. 
the resin composition making up the innermost cover layer 
further comprises: 

[0020] (e) a thermoplastic elastomer selected from the 
group consisting of thermoplastic polyester elastomers, ther 
moplastic block copolymers and thermoplastic urethanes, 
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[0021] (f) a thermoplastic block copolymer containing end 
blocks modi?ed by a functional group having reactivity With 
an ionomer resin, both end blocks being formed of different 
comonomers, and 
[0022] (g) an inorganic ?ller Which is non-reactive With an 
ionomer resin. 
[0023] [4] The multi-piece solid golf ball of [1] Wherein, of 
components (a) and (d), the resin material Which is an 
ole?n-unsaturated carboxylic acid random copolymer (bi 
nary random copolymer) and/or a metal salt thereof has a 
Shore D hardness of 58 or more, and the resin material 
Which is an ole?n-unsaturated carboxylic acid-unsaturated 
carboxylic acid ester random copolymer (ternary random 
copolymer) and/or a metal salt thereof has a Shore D hard 
ness of 55 or less. 

[0024] [5] The multi-piece solid golf ball of [1], Wherein 
the outermost cover layer is formed primarily of polyure 
thane. 

[0025] [6] The multi-piece solid golf ball of [1], Wherein 
the outermost cover layer is formed primarily of a thermo 
plastic polyurethane. 

BRIEF DESCRIPTION OF THE DIAGRAMS 

[0026] FIG. 1 is a schematic cross-sectional vieW of a 
multi-piece solid golf ball (four-layer construction) accord 
ing to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] The invention is described more fully beloW. 
[0028] The multi-piece solid golf ball of the invention is a 
multilayer structure having a core and a cover of three or more 
layers Which encases the core. 
[0029] The core in the invention may be a rubber core that 
has been molded and vulcaniZed from a rubber composition 
containing primarily a commonly used base rubber. Speci? 
cally, a material molded and vulcaniZed from a rubber com 
position containing a base rubber, a ?ller, an organic perox 
ide, an antioxidant and an 0t,[3-unsaturated carboxylic acid 
serves as the golf ball core. 

[0030] It is preferable here for the core to be made of a 
rubber composition. Polybutadiene is preferably used as the 
base rubber in the rubber composition. A preferred example 
of this polybutadiene is 1,4-cis polybutadiene having a cis 
structure content of at least 40%. If desired, other types of 
rubber, such as natural rubber, polyisoprene rubber or sty 
rene-butadiene rubber, may be suitably blended With the fore 
going polybutadiene in this base rubber. The rebound of the 
golf ball can be improved by increasing the amount of the 
rubber ingredients. 
[0031] An 0t,[3-unsaturated carboxylic acid compound such 
as Zinc methacrylate or Zinc acrylate may be included in the 
rubber composition as a crosslinking agent. The use of Zinc 
acrylate is especially preferred. The amount of such unsatur 
ated carboxylic acid compounds included per 100 parts by 
Weight of the base rubber is set to preferably at least 10 parts 
by Weight, and more preferably at least 20 parts by Weight, but 
preferably not more than 50 parts by Weight, and more pref 
erably not more than 39 parts by Weight. 
[0032] A vulcaniZing agent is included in the rubber com 
position. The vulcaniZing agent used is preferably an organic 
peroxide and/or sulfur. Illustrative examples of the organic 
peroxide include commercial products such as Perhexa 3M 
(produced by NOF Corporation), Percumyl D (produced by 
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NOF Corporation), and Luperco 231XL and Luperco 101XL 
(both products of Atochem Co.). Any one or mixtures of tWo 
or more of these may be used. The amount included per 100 
parts by Weight of the base rubber is preferably at least 0.2 
part by Weight, more preferably at least 0.4 part by Weight, 
and even more preferably at least 0.6 part by Weight, but 
preferably not more than 2 .0 parts by Weight, more preferably 
not more than 1.5 parts by Weight, even more preferably not 
more than 1.2 parts by Weight, and most preferably not more 
than 0.9 part by Weight. 
[0033] In addition, an antioxidant is included. Illustrative 
examples of the antioxidant include commercial antioxidants 
such as Nocrac NS-6, Nocrac NS-30 and Nocrac SP-N (all 
products of Ouchi Shinko Chemical Industry Co., Ltd.), and 
Yo shinox 425 (produced byYo shitomi Pharmaceutical Indus 
tries, Ltd.). These may be used singly or as combinations of 
tWo or more thereof. 

[0034] Illustrative, non-limiting, examples of the ?ller 
included in the rubber composition are Zinc oxide, barium 
sulfate and calcium carbonate. 
[0035] The core composition obtained by compounding the 
above ingredients is generally masticated using a mixing 
apparatus such as a Banbury mixer or roll mill, folloWing 
Which the masticated material is compression-molded or 
injection-molded in a core mold, and the resulting molded 
body is cured by suitably heating at a temperature suf?cient 
for the crosslinking agent and co-crosslinking agent to act, 
thereby producing a core having the desired hardness pro?le. 
To illustrate, When dicumyl peroxide is used as the crosslink 
ing agent and Zinc acrylate is used as the co-crosslinking 
agent, heating is typically carried out at from 130 to 1700 C., 
and preferably from 150 to 1600 C., for a period of from 10 to 
40 minutes, and preferably from 12 to 20 minutes. 
[003 6] The core may be produced by using a knoWn method 
to vulcaniZe and cure the rubber composition. The diameter 
of the core is set to preferably at least 32.3 mm, and more 
preferably at least 32 .5 mm, but preferably not more than 35 .5 
mm, and more preferably not more than 35.0 mm. 

[0037] The core has a de?ection, When compressed under a 
?nal load of 1 ,275 N (130 kgf) from an initial load state of 98 
N (10 kgf), of more than 3.2 mm, preferably at least 3.3 mm, 
and more preferably at least 3.4 mm. The upper limit in the 
core de?ection is preferably 5.2 mm or less, more preferably 
4.6 mm or less, and even more preferably 4.2 mm or less. If 
the core is softer than the above range, the core Will have a 
poor rebound. Conversely, if the core is harder than the above 
range, the ball may have a poor feel on impact. 
[0038] In the practice of the invention, a cover of at least 
three layers encases the core. That is, referring to FIG. 1, the 
ball has a construction in Which the cover consists of an 
innermost cover layer 2 Which directly envelopes a core 1, an 
outermost cover layer 4 Which is positioned on the surface 
side of the ball, and at least one intermediate cover layer 3 
Which is situated betWeen the innermost cover layer 2 and the 
outermost cover layer 4. Generally, a plurality of dimples D 
are formed on the outside surface of the outermost cover layer 
4. 
[0039] Next, the materials making up the respective cover 
layers are described in detail beloW, beginning With the inner 
mo st cover layer and folloWed in turn by the outermost cover 
layer, then the intermediate cover layer. 

Innermost Cover Layer Material 

[0040] In the invention, the innermost cover layer is made 
of a resin composition Which includes as the essential com 
ponents: 
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[0041] 100 parts by Weight of one or a mixture of (a) an 
ole?n-unsaturated carboxylic acid random copolymer and/or 
an ole?n-unsaturated carboxylic acid-unsaturated carboxylic 
acid ester random copolymer, and (d) a metal ion neutraliza 
tion product of an ole?n-unsaturated carboxylic acid random 
copolymer and/or a metal ion neutralization product of an 
ole?n-unsaturated carboxylic acid-unsaturated carboxylic 
acid ester random copolymer; 
[0042] (b) from 5 to 150 parts by Weight of a fatty acid or 
fatty acid derivative having a molecular Wei ght of at least 228; 
and 
[0043] (c) from 0.1 to 10 parts by Weight of a basic inor 
ganic metal compound Which is capable of neutralizing acid 
groups in components (a) and/or (d) and in component (b). 
[0044] Above components (a) to (d) are described beloW. 
[0045] Component (a) is an ole?n-unsaturated carboxylic 
acid random copolymer and/ or an ole?n-unsaturated car 
boxylic acid-unsaturated carboxylic acid ester random 
copolymer. Component (d) is a metal ion neutralization prod 
uct of an ole?n-unsaturated carboxylic acid random copoly 
mer and/or a metal ion neutralization product of an ole?n 
unsaturated carboxylic acid-unsaturated carboxylic acid ester 
random copolymer. Either of these components may be used 
alone or above components (a) and (d) may be used together. 
[0046] The ole?n in component (a) has a number of carbons 
Which is generally at least 2 but not more than 8, and prefer 
ably not more than 6. Speci?c examples include ethylene, 
propylene, butene, pentene, hexene, heptene and octene. Eth 
ylene is especially preferred. 
[0047] Examples of the unsaturated carboxylic acid include 
acrylic acid, methacrylic acid, maleic acid and fumaric acid. 
Acrylic acid and methacrylic acid are especially preferred. 
[0048] The unsaturated carboxylic acid ester is preferably a 
loWer alkyl ester of the above unsaturated carboxylic acid. 
Speci?c examples include methyl methacrylate, ethyl meth 
acrylate, propyl methacrylate, butyl methacrylate, methyl 
acrylate, ethyl acrylate, propyl acrylate and butyl acrylate. 
Butyl acrylate (n-butyl acrylate, i-butyl acrylate) is especially 
preferred. 
[0049] The random copolymer of component (a) may be 
prepared by using a knoWn process to randomly copolymer 
ize the above ingredients. It is recommended that the unsat 
urated carboxylic acid content (acid content) Within the ran 
dom copolymer be preferably at least 2 Wt %, more preferably 
at least 6 Wt %, and even more preferably at least 8 Wt %, but 
preferably not more than 25 Wt %, more preferably not more 
than 20 Wt %, and even more preferably not more than 15 Wt 
%. A loW acid content may loWer the resilience of the mate 
rial, Whereas a high acid content may loWer the processability 
of the material. 
[0050] The neutralization product of a random copolymer 
may be prepared as component (d) by neutralizing some of 
the acid groups in the above-described random copolymer 
With metal ions. Examples of metal ions Which may neutral 
ize the acid groups include Na", K", Li", Zn“, Cu“, Mg“, 
Ca“, Co“, Ni“ and Pb“. The use of ions such as Na", Li", 
Zn“ and Mg“ is preferred. Zn“ is especially preferred. The 
degree of neutralization of the random copolymer by these 
metal ions is not particularly limited. Such neutralization 
products may be prepared using a method knoWn to the art. 
For example, the metal ions may be introduced onto the 
random copolymer using such compounds as formates, 
acetates, nitrates, carbonates, bicarbonates, oxides, hydrox 
ides or alkoxides of the above metal ions. 

Feb. 5, 2009 

[0051] Illustrative examples of the random copolymer serv 
ing as component (a) include Nucrel AN4311, Nucrel 
AN4318 and Nucrel 1560 (all produced by DuPont-Mitsui 
Polychemicals Co., Ltd.). Illustrative examples of the neu 
tralization products of random copolymers serving as com 
ponent (d) include Himilan 1554, Himilan 1557, Himilan 
1601, Himilan 1605, Himilan 1706, Himilan 1855, Himilan 
1856 and Himilan AM7316 (all products of DuPont-Mitsui 
Polychemicals Co., Ltd.); and also Surlyn 6320, Surlyn 7930 
and Surlyn 8120 (all products of El. DuPont de Nemours & 
Company). Zinc-neutralized ionomer resins, such as Himilan 
AM7316, are especially preferred. 
[0052] The base resin in the innermost cover layer material 
may be a random copolymer of the type described above for 
component (a), a neutralization product of the type described 
above for component (d), or a combination of both. Where 
both are used in combination, the proportions in Which they 
are blended are not subject to any particular limitation. 
[0053] Of the above components (a) and (d), the resin mate 
rial composed of an ole?n-unsaturated carboxylic acid ran 
dom copolymer (a binary random copolymer) and/or a metal 
salt thereof has a Shore D hardness of preferably at least 58, 
and the resin material composed of an ole?n-unsaturated 
carboxylic acid-unsaturated carboxylic acid ester random 
copolymer (a ternary random copolymer) and/or a metal salt 
thereof has a Shore D hardness of preferably 55 or less. The 
upper limit in the hardness of the resin material composed of 
the above-described binary random copolymer and/ or a metal 
salt thereof is preferably 70 or less, and more preferably 68 or 
less. The loWer limit in the hardness of the resin material 
composed of the above-described temary random copolymer 
and/or a metal salt thereof is preferably at least 20, and more 
preferably at least 25. 
[0054] Component (b) is a fatty acid or a fatty acid deriva 
tive having a molecular Weight of at least 228 Whose purpose 
is to enhance the How properties of the resin composition. It 
has a molecular Weight Which is much loWer than that of the 
thermoplastic resin of component (a), and helps to signi? 
cantly loWer the melt viscosity of the mixture. Also, because 
the fatty acid (or fatty acid derivative) has a molecular Weight 
of at least 228 and has a high content of acid groups (or 
derivative moieties thereof), its addition to the resin material 
results in little if any loss of resilience. 

[0055] The molecular Weight of the fatty acid or fatty acid 
derivative used as component (b) is at least 228, preferably at 
least 256, more preferably at least 280, and even more pref 
erably at least 300, but generally not more than 1,500, pref 
erably not more than 1,000, even more preferably not more 
than 600, and most preferably not more than 500. If the 
molecular Weight is too loW, component (b) Will be unable to 
improve the heat resistance of the resin composition. On the 
other hand, if the molecular Weight is too high, component (b) 
Will be unable to improve the How properties of the resin 
composition. 
[0056] The fatty acid or fatty acid derivative serving as 
component (b) may be an unsaturated fatty acid or fatty acid 
derivative having a double bond or triple bond in the alkyl 
group, or it may be a saturated fatty acid or fatty acid deriva 
tive in Which all the bonds on the alkyl group are single bonds. 
It is recommended that the number of carbon atoms on the 
molecule be preferably at least 18, more preferably at least 20, 
even more preferably at least 22, and most preferably at least 
24, but preferably not more than 80, more preferably not more 
than 60, even more preferably not more than 40, and most 
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preferably not more than 30. Too feW carbons may make it 
impossible to achieve an improved heat resistance, and may 
also set the acid group content so high as to cause the acid 
groups to interact With acid groups present on the base resin, 
diminishing the ?oW-improving effects. On the other hand, 
too many carbons increases the molecular Weight, Which may 
signi?cantly loWer the ?oW-improving effects. 
[0057] Speci?c examples of fatty acids that may be used as 
component (b) include stearic acid, l2-hydroxystearic acid, 
behenic acid, oleic acid, linoleic acid, linolenic acid, 
arachidic acid and lignoceric acid. Of these, stearic acid, 
arachidic acid, behenic acid and lignoceric acid are preferred. 
[0058] Fatty acid derivatives are exempli?ed by derivatives 
in Which the proton on the acid group of the fatty acid has been 
substituted. Exemplary fatty acid derivatives of this type 
include metallic soaps in Which the proton has been substi 
tuted With a metal ion. Metal ions that may be used in such 
metallic soaps include Li", Ca“, Mg“, Zn“, Mn“, Al+“, 
Ni“, Fe“, Fe“", Cu“, Sn“, Pb“ and Co“. Of these, Ca“, 
Mg“ and Zn“ are especially preferred. 
[0059] Speci?c examples of fatty acid derivatives that may 
be used as component (b) include magnesium stearate, cal 
cium stearate, Zinc stearate, magnesium l2-hydroxystearate, 
calcium l2-hydroxystearate, Zinc l2-hydroxystearate, mag 
nesium arachidate, calcium arachidate, Zinc arachidate, mag 
nesium behenate, calcium behenate, Zinc behenate, magne 
sium lignocerate, calcium lignocerate and Zinc lignocerate. 
Of these, magnesium stearate, calcium stearate, Zinc stearate, 
magnesium arachidate, calcium arachidate, Zinc arachidate, 
magnesium behenate, calcium behenate, Zinc behenate, mag 
nesium lignocerate, calcium lignocerate and Zinc lignocerate 
are preferred. 
[0060] Moreover, use may also be made of knoWn metallic 
soap-modi?ed ionomers, including those described in US. 
Pat. No. 5,312,857, US. Pat. No. 5,306,760 and International 
Disclosure WO 98/46671, in combination With above com 
ponents (a) and/or (d) and component (b). 
[0061] A basic inorganic ?ller capable of neutraliZing acid 
groups in above component (a) and/or (d) and above compo 
nent (b) is added as component (c). When component (a) 
and/ or (d) and component (b) alone, and in particular a metal 
modi?ed ionomer resin alone (e.g., a metal soap-modi?ed 
ionomer resin of the type mentioned in the foregoing patent 
publications, alone), is heated and mixed, as shoWnbeloW, the 
metallic soap and un-neutraliZed acid groups present on the 
ionomer undergo exchange reactions, generating a fatty acid. 
Because the fatty acid has a loW thermal stability and readily 
vaporiZes during molding, it causes molding defects. More 
over, if the fatty acid thus generated deposits on the surface of 
the molded material, it Will substantially loWer paint ?lm 
adhesion. 

@ 
@ o 

COOH COOX 
(l) Lin-neutralized acid group present on the ionomer resin 
(2) metallic soap 
(3) fatty acid 
X: metal atom 

[0062] To solve this problem, the resin composition 
includes, as component (c), a basic inorganic metal com 

Feb. 5, 2009 

pound Which neutraliZes the acid groups present in above 
components (a) and/ or (d) and component (b). The inclusion 
of component (c) as an essential ingredient confers excellent 
properties. That is, the acid groups in above components (a) 
and/ or (d) and component (b) are neutraliZed, and synergistic 
effects from the inclusion of each of these respective compo 
nents increase the thermal stability of the resin composition 
While at the same time conferring a good moldability and 
enhancing the resilience as a golf ball material. 
[0063] It is recommended that above component (c) be a 
basic inorganic metal compound, preferably a monoxide, 
Which is capable of neutraliZing acid groups in above com 
ponents (a) and/or (d) and in component (b). Because such 
compounds have a high reactivity With the ionomer resin and 
the reaction by-products contain no organic matter, the degree 
of neutraliZation of the resin composition can be increased 
Without a loss of thermal stability. 
[0064] The metal ions used here in the basic inorganic 
metal compound are exempli?ed by Li", Na", K", Ca“, 
Mg++’ Zn++’ A1+++’ Ni+’ Fe++’ Fe+++’ Cu++’ Mn++’ Sn++’ 
Pb“and Co“. Illustrative examples of the inorganic metal 
compound include basic inorganic ?llers containing these 
metal ions, such as magnesium oxide, magnesium hydroxide, 
magnesium carbonate, Zinc oxide, sodium hydroxide, sodium 
carbonate, calcium oxide, calcium hydroxide, lithium 
hydroxide and lithium carbonate. As noted above, a monox 
ide is preferred. The use of magnesium oxide, Which has a 
high reactivity With ionomer resins, is especially preferred. 
[0065] The resin composition Which includes, as described 
above, components (a), (d), (b) and (c) can be provided With 
an improved thermal stability, moldability and resilience. To 
achieve these ends, the components must be formulated in 
certain proportions. Speci?cally, it is essential to include, per 
100 parts by Weight of component (a) and/or component (d) 
(referred to beloW as the “base resin”), at least 5 parts by 
Weight, but not more than 150 parts by Weight, preferably not 
more than 100 parts by Weight, and more preferably not more 
than 80 parts by Weight, of component (b); and at least 0.1 part 
by Weight, but not more than 10 parts by Weight, and prefer 
ably not more than 5 parts by Weight, of component (c). Too 
little component (b) loWers the melt viscosity, resulting in a 
poor processability, Whereas too much loWers the durability. 
Too little component (c) fails to improve thermal stability and 
resilience, Whereas too much instead loWers the heat resis 
tance of the composition due to the presence of excess basic 
inorganic metal compound. 
[0066] The above-described material may be used directly 
as the resin composition, or other ingredients may also be 
suitably included in the mixture. In either case, it is critical for 
the resin composition to have a melt index, as measured 
according to JIS K6760 at a test temperature of 1900 C. and a 
test load of 21 N (2.16 kgf), of at least 1.0 dg/min, preferably 
at least 1 .5 dg/min, and more preferably at least 2.0 dg/min. It 
is recommended that the upper limit be preferably 20 dg/min 
or less, and more preferably 15 dg/min or less. If the resin 
composition has a loW melt index, the result Will be a marked 
decline in processability. 
[0067] It is preferable for the resin composition to have, in 
infrared absorption spectroscopy, a speci?c relative absor 
bance at the absorption peak attributable to carboxylate anion 
stretching vibrations at 1530 to 1630 cm“1 With respect to the 
absorbance at the absorption peak attributable to carbonyl 
stretching vibrations normally detected at l 690 to 1710 cm-1 . 
This ratio may be expressed as folloWs: (absorbance at 



US 2009/0036232 A1 

absorption peak attributable to carboxylate anion stretching 
vibrations)/(absorbance at absorption peak attributable to 
carbonyl stretching vibrations). 
[0068] Here, “carboxylate anion stretching vibrations” 
refers to vibrations by carboxyl groups from Which the proton 
has dissociated (metal ion-neutralized carboxyl groups), and 
“carbonyl stretching vibrations” refers to vibrations by undis 
sociated carboxyl groups. The ratio betWeen these respective 
peak intensities depends on the degree of neutralization. In 
the ionomer resins having a degree of neutralization of about 
50 mol % Which are commonly used, the ratio betWeen these 
peak absorbances is about 1:1. 

[0069] To improve the thermal stability, moldability and 
resilience of the material, it is recommended that the above 
resin composition have a peak absorbance attributable to 
carboxylate anion stretching vibrations Which is preferably at 
least 1.5 times, and more preferably at least 2 times, the peak 
absorbance attributable to carbonyl stretching vibrations. The 
absence of any peaks attributable to carbonyl stretching 
vibrations is especially preferred. 
[0070] The thermal stability of the above resin composition 
can be measured by thermogravimetry. It is recommended 
that, in thermogravimetry, the resin composition have a 
Weight loss at 2500 C., based on the Weight of the composition 
at 25 ° C., of preferably not more than 2 Wt %, more preferably 
not more than 1.5 Wt %, and even more preferably not more 
than 1 Wt %. 

[0071] It is recommended that the speci?c gravity of the 
resin composition proper, While not subject to any particular 
limitation, be preferably at least 0.9, but preferably not more 
than 1.5, more preferably not more than 1.3, and even more 
preferably not more than 1.1. 

[0072] The resin composition is obtained by heating and 
mixing the above-described component (a) and/or compo 
nent (d), With component (b) and component (c), and has an 
optimiZed melt index. It is recommended that preferably at 
least 70 mol %, more preferably at least 80 mol %, and even 
more preferably at least 90 mol %, of the acid groups in the 
resin composition be neutraliZed. A high degree of neutral 
iZation makes it possible to more reliably suppress the 
exchange reactions that are a problem When only the above 
described base resin and the fatty acid (or a derivative thereof) 
are used, thus preventing the formation of fatty acids. As a 
result, there can be obtained a material Which has a greatly 
increased thermal stability and a good moldability, and Which 
moreover has a much improved resilience compared With 
prior-art ionomer resins. 
[0073] Here, With regard to neutralization of the resin com 
position, to more reliably achieve both a high degree of neu 
traliZation and good How properties, it is recommended that 
the acid groups in the resin composition be neutraliZed With 
transition metal ions and With alkali metal and/ or alkaline 
earth metal ions. Because transition metal ions have a Weaker 
ionic cohesion than alkali metal and alkaline earth metal ions, 
it is possible in this Way to neutraliZe some of the acid groups 
in the resin composition and thus enable the How properties to 
be signi?cantly improved. 
[0074] The molar ratio betWeen the transition metal ions 
and the alkali metal and/or alkaline earth metal ions is set as 
appropriate, preferably in a range of 10:90 to 90: 10, and more 
preferably from 20:80 to 80:20. Too loW a molar ratio of 
transition metal ions may fail to provide suf?cient improve 
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ment in the How properties of the resin composition. On the 
other hand, a molar ratio that is too high may loWer the 
resilience. 
[0075] Speci?c examples of such metal ions include Zinc 
ions as the transition metal ions and at least one type of ion 
selected from among sodium, lithium, magnesium and cal 
cium ions as the alkali metal or alkaline earth metal ions. 
[0076] No particular limitation is imposed on the method 
used to obtain the resin composition in Which acid groups 
have been neutraliZed With transition metal ions and alkali 
metal or alkaline earth metal ions. Speci?c examples of meth 
ods of neutraliZation With transition metal ions, particularly 
Zinc ions, include a method involving the use of a Zinc soap as 
the fatty acid derivative, a method in Which a Zinc ion neu 
traliZation product is included as component (d) in the base 
resin (e.g., a Zinc-neutralized ionomer resin), and a method in 
Which Zinc oxide is used as the basic inorganic metal com 
pound serving as component (c). 
[0077] As already noted, to obtain the innermost cover 
layer, it suf?ces to use the above resin composition as the 
essential ingredients, although various additives may be 
optionally included as Well. For example, additives such as 
pigments, dispersants, antioxidants, ultraviolet absorbers and 
optical stabiliZers may be included Within the above resin 
composition. To improve the feel of the golf ball on impact, 
the resin composition may also include, in addition to the 
above essential ingredients, various non-ionomeric thermo 
plastic elastomers. Illustrative examples of such non-iono 
meric thermoplastic elastomers include ole?n elastomers, 
styrene elastomers, ester elastomers and urethane elastomers. 
The use of ole?n elastomers and styrene elastomers is espe 
cially preferred. 
[0078] It is preferable for the innermost cover layer to fur 
ther include: 
[0079] (e) a thermoplastic elastomer selected from the 
group consisting of thermoplastic polyester elastomers, ther 
moplastic block copolymers and thermoplastic urethanes, 
[0080] (f) a thermoplastic block copolymer containing end 
blocks modi?ed by a functional group having reactivity With 
an ionomer resin, both end blocks being formed of different 
comonomers, and 
[0081] (g) an inorganic ?ller Which is non-reactive With an 
ionomer resin. 

Component (e) 

[0082] Thermoplastic polyester elastomers that may be 
used as component (e) are composed primarily of hard seg 
ments Which are high-melting crystalline polymer segments 
made up of crystalline aromatic polyester units, and soft 
segments Which are loW-melting polymer segments made up 
of aliphatic polyether units and/or aliphatic polyester units. 
[0083] Preferred examples of the high-melting crystalline 
polymer include polybutylene terephthalates derived from 
terephthalic acid and/ or dimethyl terephthalate in combina 
tion With 1,4-butanediol. Other illustrative examples include 
polyesters derived from a dicarboxylic acid component such 
as isophthalic acid, phthalic acid, naphthalene-2,6-dicar 
boxylic acid, naphthalene-2,7-dicarboxylic acid, diphenyl-4, 
4'-dicarboxylic acid, diphenoxyethanedicarboxylic acid, 
5 -sulfoisophthalic acid or ester-forming derivatives thereof in 
combination With a diol having a molecular Weight of up to 
300, such as an aliphatic diol (e.g., ethylene glycol, trimeth 
ylene glycol, pentamethylene glycol, hexamethylene glycol, 
neopentyl glycol, decamethylene glycol), an alicyclic diol 
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(e. g., 1 ,4-cyclohexanedimethanol, tricyclodecanedimethy 
lol), or an aromatic diol (e.g., xylylene glycol, bis(p-hydroxy) 
diphenyl, bis(p-hydroxy-phenyl)propane, 2,2-bis[4-(2-hy 
droxyethoxy)phenyl]propane, bis[4-(2-hydroxy)phenyl] 
sulfone, 1 ,1 -bis [4-(2 -hydroxyethoxy) -phenyl]cyclohexane, 
4,4'-dihydroxy-p-terphenyl, 4,4'-dihydroxy-p-quarterphe 
nyl). Use can also be made of copolymeric polyesters pre 
pared from tWo or more of these dicarboxylic acid compo 
nents and diol components. In addition, polycarboxylic acid 
components, polyoxy acid components and polyhydroxy 
components having a functionality of three or more may be 
copolymeriZed in component (e) Within a range of up to 5 mol 
%. 

[0084] The loW-melting polymer segments are composed 
of aliphatic polyether units and/or aliphatic polyester units. 
[0085] Illustrative examples of aliphatic polyether units 
include poly(ethylene oxide)glycol, poly(propylene oxide) 
glycol, poly(tetramethylene oxide)glycol, poly(hexamethyl 
ene oxide)glycol, copolymers of ethylene oxide and propy 
lene oxide, ethylene oxide addition polymers of poly 
(propylene oxide)glycols, and copolymers of ethylene oxide 
and tetrahydrofuran. Illustrative examples of aliphatic poly 
ester units include poly(e-caprolactone), polyenantholac 
tone, polycaprylolactone, poly(butylene adipate) and poly 
(ethylene adipate). Of the above polymers, in terms of the 
resilience characteristics of the resulting polyester block 
copolymer, poly(tetramethylene oxide)glycol, ethylene 
oxide addition polymers of poly(propylene oxide)glycol, 
poly(e-caprolactone), poly(butylene adipate) and poly(ethyl 
ene adipate) are preferred. Poly(tetramethylene oxide)glycol 
is especially preferred. 
[0086] The loW-melting polymer segments have a number 
average molecular Weight in the copolymeriZed state of pref 
erably about 300 to about 6,000. 
[0087] Letting the combined amount of high-melting crys 
talline polymer segments and loW-melting polymer segments 
Which are copolymeriZed to form the thermoplastic polyester 
elastomer be 100 Wt %, it is advantageous for the thermoplas 
tic polyester elastomer to include at least 15 Wt %, and pref 
erably at least 50 Wt %, but not more than 90 Wt %, of the 
loW-melting polymer segments. At a proportion of loW-melt 
ing polymer segments that is higher than the above range, 
adequate melt characteristics suitable for injection molding 
may not be attainable, Which may make it dif?cult to achieve 
uniform mixture during melt blending With the other compo 
nents. On the other hand, if the proportion is too loW, su?i 
cient ?exibility and resilience may not be achieved. 

[0088] The above-described thermoplastic polyester elas 
tomer is a copolymer composed primarily of the foregoing 
high-melting crystalline polymer segments and loW-melting 
polymer segments. The thermoplastic polyester elastomer 
may be prepared by a knoWn method Without particular limi 
tation. Exemplary methods of preparation include methods (i) 
to (v) beloW, any of Which may be suitably used. 

[0089] (i) A method in Which a loWer alcohol diester of a 
dicarboxylic acid, an excess amount of loW-molecular 
Weight glycol, and the loW-melting polymer segment 
component are subjected to transesteri?cation in the 
presence of a catalyst, and the resulting reaction prod 
ucts are polycondensed. 

[0090] (ii) A method in Which a dicarboxylic acid, an 
excess amount of a glycol and the loW-melting polymer 
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segment component are subjected to esteri?cation in the 
presence of a catalyst, and the resulting reaction prod 
ucts are polycondensed. 

[0091] (iii) A method in Which ?rst the high-melting 
crystalline segments are prepared, then the loW-melting 
segments are added thereto and a transesteri?cation 
reaction is carried out to effect randomiZation. 

[0092] (iv) A method in Which the high-melting crystal 
line segments and the loW-melting polymer segments 
are joined together using a chain linking agent. 

[0093] (v) In cases Where poly(e-caprolactone) is used as 
the loW-melting polymer segments, a method in Which 
the high-melting crystalline segments are subjected to 
an addition reaction With E-caprolactone monomer. 

[0094] It is recommended that the above-described thermo 
plastic polyester elastomer have a hardness, as measured in 
accordance With ASTM D-2240 (Shore D hardness), of pref 
erably at least 10, and more preferably at least 20, but pref 
erably not more than 50, and more preferably not more than 
40. 
[0095] Moreover, it is advantageous for the above thermo 
plastic polyester elastomer to exhibit a high rebound resil 
ience, as measured in accordance With British Standard 903 
(BS 903), of preferably at least 40%, and more preferably at 
least 50%, but preferably not more than 90%. If the rebound 
resilience is too loW, moldings obtained from the resin com 
position of the invention Will have a loW resilience, Which 
may diminish the ?ight performance of golf balls made With 
such moldings. 
[0096] It is desirable for the above thermoplastic polyester 
elastomer to have a ?exural rigidity, as measured in accor 
dance With I IS K-7106, Which is relatively loW, With a value 
of preferably at least 5 MPa, more preferably at least 10 MPa, 
and even more preferably at least 15 MPa, but preferably 250 
MPa or less, more preferably 200 MPa or less, and even more 
preferably 150 MPa or less. If the ?exural rigidity is too high, 
moldings obtained from the resin composition of the inven 
tion Will be too rigid, Which may Worsen the feel on impact 
and the durability of golf balls made With such moldings. 
[0097] Thermoplastic block copolymers that may be used 
as component (e) include those in Which the hard segments 
are made of crystalline polyethylene blocks (C) and/or crys 
talline polystyrene blocks (S), and the soft segments are made 
of polybutadiene blocks (B), polyisoprene blocks (I), blocks 
of a relatively random copolymer of ethylene and butylene 
(EB) or blocks of a relatively random copolymer of ethylene 
and propylene (EP). Blocks of a relatively random copolymer 
of ethylene and butylene (EB), and blocks of a relatively 
random copolymer of ethylene and propylene (EP) are pre 
ferred. Blocks of a relatively random copolymer of ethylene 
and butylene (EB) are especially preferred. 
[0098] Illustrative examples of such thermoplastic block 
copolymers include S-EB-S, S-B-S, S-I-S, S-EB, S-EB-S 
EB, S-EP-S, S-EB-C, S-B-C, S-I-C, S-EP-C, C-EB-C, C-B 
C, C-I-C, C-EB, C-EB-C-EB and C-EP-C. Including crystal 
line polyethylene blocks (C) as the hard segments is 
advantageous from the standpoint of resilience. The use of 
S-EP-C is preferred, and the use of C-EB-C is especially 
preferred. 
[0099] If the thermoplastic block copolymer is a C-EB-C or 
S-EB-C type block copolymer, this may be obtained by 
hydrogenating butadiene or a styrene-butadiene copolymer. 
[0100] A polybutadiene in Which bonding Within the buta 
diene structure is characterized by the presence of block-like 
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1,4-polymer regions having a 1,4-bond content of at least 95 
Wt %, and in Which the butadiene structure as a Whole has a 
1,4-bond content of at least 50 Wt %, and preferably at least 80 
Wt %, may be suitably used here as the polybutadiene or 
styrene-butadiene copolymer subjected to hydrogenation. 
[0101] The degree of hydrogenation (conversion of double 
bonds in the polybutadiene or styrene-butadiene copolymer 
to saturated bonds) in the hydrogenate is preferably from 60 
to 100%, and more preferably from 90 to 100%. Too loW a 
degree of hydrogenation may give rise to undesirable effects 
such as gelation in the blending step With other components 
such as an ionomer resin and, When the golf ball is formed, 
may compromise the Weather resistance of the cover and the 
durability of the ball to impact. 
[0102] In the thermoplastic block copolymer, the content of 
the hard segments is preferably from 10 to 50 Wt %. If the 
content of hard segments is too high, the innermost cover 
layer may lack su?icient ?exibility, making it dif?cult to 
effectively achieve the objects of the invention. On the other 
hand, if the content of hard segments is too loW, the blend may 
have a poor moldability. 
[0103] The thermoplastic block copolymer has a number 
average molecular Weight of preferably from 30,000 to 800, 
000. The thermoplastic block copolymer has a melt index at 
2300 C. of preferably from 0.5 to 15 g/ 10 min, and more 
preferably from 1 to 7 g/ 10 min. Outside of this range, prob 
lems such as Weld lines, sink marks and short shots may arise 
during injection molding. 
[0104] Thermoplastic polyurethane elastomers that may be 
used as component (e) preferably have a morphology com 
posed of, in particular, a high-molecular-Weight polyol com 
pound Which makes up the soft segments, a monomolecular 
chain extender Which makes up the hard segments, and a 
diisocyanate. 
[0105] The high-molecular-Weight polyol compound is not 
subject to any particular limitation and may be, for example, 
a polyester polyol, a polyol polyol, a polyether polyol, a 
copolyester polyol or a polycarbonate polyol. Exemplary 
polyester polyols include polycaprolactone glycol, poly(eth 
ylene-1,4-adipate)glycol and poly(butylene-1,4-adipate)gly 
col; exemplary copolyester polyols include poly(diethylene 
glycol adipate) glycol; exemplary polycarbonate polyols 
include (hexanediol-1,6-carbonate)glycol; and exemplary 
polyether polyols include polyoxytetramethylene glycol. 
[0106] These high-molecular-Weight polyol compounds 
have a number-average molecular Weight of about 600 to 
about 5,000, and preferably about 1,000 to about 3,000. 
[0107] The aliphatic or aromatic diisocyanate in the cover 
may be suitably used as the diisocyanate. Illustrative 
examples include hexamethylene diisocyanate (HDI), 2,2,4 
and 2,4,4-trimethylhexamethylene diisocyanate (TMDI), 
lysine diisocyanate (LDI), tolylene diisocyanate (TDI) and 
diphenylmethane diisocyanate (MDI). For a good compat 
ibility When blending With other resins, the use of hexameth 
ylene diisocyanate (HDI) or diphenylmethane diisocyanate 
(MDI) is preferred. 
[0108] The monomolecular chain extender, Which is not 
subject to any particular limitation, may be an ordinary polyol 
or polyamine. Speci?c examples include 1,4-butylene glycol, 
1,2-ethylene glycol, 1,3-propylene glycol, 1,6-hexylene gly 
col, 1,3-butylene glycol, dicyclohexylmethylmethanedi 
amine (hydrogenated MDI) and isophoronediamine (IPDA). 
[0109] The above thermoplastic polyurethane elastomer 
has a I IS A hardness of preferably at least 70, more preferably 
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at least 80, even more preferably at least 90, and most pref 
erably at least 95, but preferably not more than 100, more 
preferably not more than 99, and even more preferably not 
more than 98. At a I IS A hardness beloW 70, the ball may take 
on excessive spin When hit With a driver, shortening the dis 
tance traveled. No particular limitation is imposed on the 
speci?c gravity of the thermoplastic polyurethane elastomer, 
so long as it is suitably adjusted Within a range Where the 
objects of the invention are attainable. The speci?c gravity is 
preferably betWeen 1.0 and 1 .3, and more preferably betWeen 
1.1 and 1.25. 

[0110] A commercial product may be used as the above 
described thermoplastic polyurethane elastomer. Illustrative 
examples include Pandex TR3080, Pandex T7298, Pandex 
EX7895, Pandex T7890 and Pandex T8198 (all manufactured 
by DIC Bayer Polymer, Ltd.). 

Component (f) 

[0111] Next, the thermoplastic block copolymer Which 
contains end blocks modi?ed by a functional group having 
reactivity With an ionomer resin, Wherein both end blocks are 
formed of different comonomers, and serves as component (f) 
is described. 
[0112] The thermoplastic block copolymer serving as the 
base of component (f) is exempli?ed by block copolymers of 
the folloWing types: HliSl, HliSliHliSl, Hli(Sli 
Hl)niSl and HliSliH2 (Wherein H1 and H2 are hard seg 
ments, and S1 is a soft segment). In particular, the use of an 
HliSl type di-block copolymer or an HliSliH2 type tri 
block copolymer is preferred. The use of an H liS liH2 type 
tri-block copolymer is more preferred. Compared With the 
use of other block copolymers, graft copolymers and random 
copolymers, the compatibility can be markedly improved. 
[0113] Hard segments that may be used in component (f) 
are exempli?ed by crystalline ole?n blocks, aromatic vinyl 
compound blocks, polyester blocks and polyamide blocks. In 
particular, effective improvement in compatibility is achieved 
With the use of preferably crystalline ole?n blocks, aromatic 
vinyl compound blocks or polyester blocks, and more pref 
erably crystalline ole?n blocks or aromatic vinyl compound 
blocks. Crystalline ole?n blocks are exempli?ed by crystal 
line ethylene blocks (C) and crystalline propylene blocks. 
The use of crystalline ethylene blocks is especially preferred. 
Preferred use may be made of styrene blocks (S) as the aro 
matic vinyl compound blocks, of polytetramethylene tereph 
thalate blocks (PBT) as the polyester blocks, and of nylon 
blocks as the polyamide blocks. 

[0114] Soft segments that may be used include polybutadi 
ene blocks (B), polyisoprene blocks (I), blocks of a relatively 
random copolymer of ethylene and butylene (EB), and blocks 
of a relatively random copolymer of ethylene and propylene 
(EP). The use of blocks of a relatively random copolymer of 
ethylene and butylene (EB) or blocks of a relatively random 
copolymer of ethylene and propylene (EP) is preferred. The 
use of blocks of a relatively random copolymer of ethylene 
and butylene (EB) is especially preferred. 
[0115] The thermoplastic block copolymer used as compo 
nent (f) is made of blocks, With the blocks at either end of the 
copolymer being formed of different comonomers. Illustra 
tive examples of such thermoplastic block copolymers 
include S-EB-C, S-B-C, S-I-C, S-EB, S-EB-S-EB, S-EP-C, 
PBT-S-EB and PBT-S-EB-C. To more effectively improve 
the compatibility of the ionomer resin and the thermoplastic 
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elastomer, it is preferable to use S-EB-C or PBT-S-EB, and 
more preferable to use S-EB-C. 

[0116] If the thermoplastic block copolymer is an S-EB-C 
type block copolymer, it can be obtained by hydrogenating a 
styrene-butadiene copolymer. 
[0117] A polybutadiene in Which bonding Within the buta 
diene structure is characterized by the presence of block-like 
1,4-polymer regions having a 1,4-bond content of at least 95 
Wt %, and in Which the butadiene structure as a Whole has a 
1,4-bond content of at least 50 Wt %, and preferably at least 80 
Wt %, may be suitably employed here as the polybutadiene or 
styrene-butadiene copolymer used in hydrogenation. 
[0118] The degree of hydrogenation (conversion of double 
bonds in the polybutadiene or styrene-butadiene copolymer 
to saturated bonds) in the hydrogenate of the styrene-butadi 
ene copolymer is preferably at least 60%, and more prefer 
ably at least 90%, With an upper limit of preferably 100%. Too 
loW a degree of hydrogenation may give rise to undesirable 
effects such as gelation in the blending step With other com 
ponents such as an ionomer resin and, When the golf ball is 
formed, may compromise the Weather resistance of the cover 
and the durability of the ball to impact. 
[0119] In the above block copolymer having crystalline 
ole?n blocks, the content of the hard segments is preferably 
from 10 to 50 Wt %. If the content of hard segments is too 
high, 20 the innermost cover layer may lack suf?cient ?ex 
ibility, making it dif?cult to effectively achieve the objects of 
the invention. On the other hand, if the content of hard seg 
ments is too loW, the resulting blend may have a poor mold 
ability. 
[0120] The block copolymer having such crystalline ole?n 
blocks has a number-average molecular Weight of preferably 
from 30,000 to 800,000. 
[0121] In the practice of the invention, only the end blocks 
on the thermoplastic block copolymer are modi?ed With 
functional groups. The compatibility can be very effectively 
improved in this Way compared With When only intermediate 
blocks are modi?ed, When both intermediate blocks and end 
blocks are modi?ed, or When modi?cation is carried out along 
the entire molecule, as in random copolymers. 
[0122] The end block modifying method is preferably a 
method in Which only the ends of the molecule are modi?ed. 
This has the advantage that more functional groups than 
necessary do not react With the ionomer resin and increase the 
viscosity of the mixture. Moreover, the compatibility can be 
very effectively improved because the molecular ends of the 
block copolymer bond With the ionomer resin. 
[0123] If the functional groups Which react With an ionomer 
resin have too high a reactivity, the viscosity Will decrease, 
Whereas a reactivity Which is too loW Will loWer the compat 
ibility-improving effect. Hence, it is preferable for the func 
tional groups to have a moderate degree of reactivity. 
Examples of such functional groups that may be used include, 
in order of decreasing preference: amino groups, acid anhy 
dride groups, and epoxy groups. Amino groups are especially 
preferred. 
[0124] The thermoplastic block copolymer has a melt index 
at 2300 C. of preferably from 0.5 to 15 g/ 10 min, and more 
preferably from 1 to 7 g/ 10 min. Outside of this range, prob 
lems such as Weld lines, sink marks and short shots may arise 
during injection molding. 
[0125] The above components are compounded in a Weight 
ratio of(base resin a+d)/e/fof50 to 80/50 to 20/4 to 20. In this 
ratio, the amount of the base resin (a) is preferably at least 
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60%, more preferably at least 65%, and even more preferably 
at least 70%, but preferably not more than 75%. The amount 
of component (b) is preferably at least 23%, and more pref 
erably at least 25%, but preferably not more than 40%, and 
more preferably not more than 30%. The amount of compo 
nent (c) is preferably at least 5%, but preferably not more than 
15%, more preferably not more than 10%, and even more 
preferably not more than 7%. Outside of these ranges, resil 
ience cannot be achieved and the compatibility Worsens, as a 
result of Which laminar separation may arise. 

Component (g) 

[0126] In addition, an inorganic ?ller Which is non-reactive 
With ionomer resins may also be added in an amount of from 
10 to 30 parts by Weight per 100 parts by Weight of the base 
polymer. 
[0127] In such a case, to effectively improve the durability 
of the cover composition, the average particle siZe of the 
inorganic ?ller is preferably at least 0.01 pm, more preferably 
at least 0.05 pm, and even more preferably at least 0.1 pm, but 
preferably not more than 5 pm, more preferably not more than 
3 pm, and even more preferably not more than 1 pm. 
[0128] To adjust the speci?c gravity of the cover composi 
tion, the speci?c gravity of the inorganic ?ller is preferably at 
least 2, and more preferably at least 4, but preferably not more 
than 7, and more preferably not more than 5. 
[0129] Whether the inorganic ?ller is indeed “non-reactive 
With ionomer resins” is veri?ed by the absence of both foam 
ing and a large rise in viscosity When the inorganic ?ller is 
melt-mixed With an ionomer resin. For example, When inor 
ganic ?ller in an amount such as may be used in the invention 
is added to a typical ionomer resin available under the trade 
name “Himilan 1605” and mixed thereWith at 2000 C. for 5 
minutes, if foaming does not arise and the melt index after 
mixing is 1 or more, the inorganic ?ller may be regarded as 
having no reactivity With the ionomer resin. 
[0130] Examples of such inorganic ?llers include barium 
sulfate, titanium dioxide and hard clay. Barium sulfate is 
especially preferred. The use of precipitated barium sulfate is 
preferred because of its particle siZe stability. 

Outerrnost Cover Layer Material 

[0131] A thermoplastic resin, a thermoset resin or the like 
may be used as the outermost cover layer material. Speci? 
cally, the outermost cover layer may be made of a knoWn 
material such as a urethane resin (e.g., a thermoplastic poly 
urethane or a thermoset polyurethane), an ionomer resin, a 
polyester elastomer or a polyamide elastomer. It is especially 
preferable for the outermost cover layer material to be made 
primarily of a thermoplastic polyurethane because golf balls 
having an excellent scuff resistance and having an excellent 
spin stability on shots knoWn as “?iers” can be thereby 
obtained. 
[0132] The thermoplastic polyurethane is not subject to any 
particular limitation, provided it is a thermoplastic elastomer 
composed primarily of polyurethane. HoWever, thermoplas 
tic polyurethanes With a structure that includes a high-mo 
lecular-Weight polyol compound as the soft segments, a chain 
extender as the hard segments, and a diisocyanate are pre 
ferred. 
[0133] Any high-molecular-Weight polyol compound 
employed in the prior art relating to thermoplastic polyure 
thane materials may be used Without particular limitation. 



US 2009/0036232 A1 

Preferred examples include polyester polyols, polyether 
polyols, copolyester polyols and polycarbonate polyols. Of 
these, polyether polyols are preferred for the preparation of 
thermoplastic polyurethanes having excellent rebound resil 
ience and loW-temperature properties, and polyester polyols 
are preferred for the heat resistance and broad molecular 
design capabilities they provide. 
[0134] Any diisocyanate employed in the prior art relating 
to thermoplastic polyurethane materials may be used Without 
particular limitation. Illustrative examples include 4,4' 
diphenylmethane diisocyanate, 2,4-toluene diisocyanate, 
2,6-toluene diisocyanate, xylylene diisocyanate, 1,5-naphth 
ylene diisocyanate, tetramethylxylene diisocyanate, hydro 
genated xylylene diisocyanate, dicyclohexylmethane diiso 
cyanate, tetramethylene diisocyanate, hexamethylene 
diisocyanate, isophorone diisocyanate, norbomene diisocy 
anate, dimer acid diisocyanate, 2,2,4- and 2,4,4-trimethyl 
hexamethylene diisocyanate and lysine diisocyanate. HoW 
ever, depending on the type of isocyanate, the crosslinking 
reaction during inj ection molding may be dif?cult to control. 
In the practice of the invention, the use of 4,4'-diphenyl 
methane diisocyanate is preferred for good compatibility 
With the subsequently described isocyanate mixture. 
[0135] Any chain extender employed in the prior art relat 
ing to thermoplastic polyurethane materials may be used 
Without particular limitation. For instance, use may be made 
of any ordinary polyol or polyamine. Speci?c examples 
include 1,4-butylene glycol, 1,2-ethylene glycol, 1,3-butane 
diol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol, dicyclo 
hexylmethylmethanediamine (hydrogenated MDI) and iso 
phoronediamine (IPDA). These chain extenders have a 
number-average molecular Weight of generally at least 20, but 
generally not more than 15,000. 
[0136] No limitation is imposed on the speci?c gravity of 
the thermoplastic polyurethane, so long as it is suitably 
adjusted Within a range that enables the objects of the inven 
tion to be achieved. The speci?c gravity is preferably at least 
1.0, and more preferably at least 1.1, but preferably not more 
than 1.3, and more preferably not more than 1.25. 
[0137] The thermoplastic polyurethane used in the inven 
tion may be a commercial product. Illustrative examples 
include Pandex T8290, Pandex T8295 and Pandex T8260 (all 
manufactured by DIC Bayer Polymer, Ltd.), and Resamine 
2593 and Resamine 2597 (both manufactured by Dainichi 
Seika Colour & Chemicals Mfg. Co., Ltd.). 
[0138] The resin Which forms the above cover layer may be 
composed of the above-described thermoplastic polyure 
thane. A type of polyurethane in Which the molecule has a 
partially crosslinked structure is preferred. The use of at least 
one type selected from the folloWing tWo types of polyure 
thanes (?rst polyurethane, second polyurethane) is especially 
preferred for further enhancing the scuff resistance. 

First Polyurethane 

[0139] A thermoplastic polyurethane composition com 
posed of the above-described thermoplastic polyurethane (A) 
and an isocyanate mixture (B) is used. 
[0140] The isocyanate mixture (B) is preferably one pre 
pared by dispersing (b-1) a compound having as functional 
groups at least tWo isocyanate groups per molecule in (b-2) a 
thermoplastic resin that is substantially non-reactive With 
isocyanate. The compound having as functional groups at 
least tWo isocyanate groups per molecule Which serves as 
component (b-1) may be an isocyanate compound used in the 
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prior art relating to polyurethanes, examples of Which include 
aromatic isocyanates, hydrogenated aromatic isocyanates, 
aliphatic diisocyanates and alicyclic diisocyanates. Speci?c 
examples include isocyanate compounds such as those men 
tioned above. From the standpoint of reactivity and Work 
safety, the use of 4,4'-diphenylmethane diisocyanate is pre 
ferred. 

[0141] The thermoplastic resin that is substantially non 
reactive With isocyanate Which serves as component (b-2) is 
preferably a resin having a loW Water absorption and excellent 
compatibility With thermoplastic polyurethane materials. 
Illustrative, non-limiting, examples of such resins include 
polystyrene resins, polyvinyl chloride resins, ABS resins, 
polycarbonate resins and polyester thermoplastic elastomers 
(e.g., polyether-esterblock copolymers, polyester-esterblock 
copolymers). 
[0142] For good rebound resilience and strength, the use of 
a polyester-type thermoplastic elastomer is especially pre 
ferred. No particular limitation is imposed on the polyester 
type thermoplastic elastomer, provided it is a thermoplastic 
elastomer composed primarily of polyester. The use of a 
polyester-based block copolymer composed primarily of 
high-melting crystalline polymer segments made of crystal 
line aromatic polyester units and loW-melting polymer seg 
ments made of aliphatic polyether units and/ or aliphatic poly 
ester units is preferred. In addition, up to 5 mol % of 
polycarboxylic acid ingredients, polyoxy ingredients and 
polyhydroxy ingredients having a functionality of three or 
more may be copolymeriZed. In the low-melting polymer 
segments made of aliphatic polyether units and/or aliphatic 
polyester units, illustrative examples of the aliphatic poly 
ether include poly(ethylene oxide)glycol, poly(propylene 
oxide)glycol, poly(tetramethylene oxide)glycol, poly(hex 
amethylene oxide)glycol, copolymers of ethylene oxide and 
propylene oxide, ethylene oxide addition polymers of poly 
(propylene oxide)glycols, and copolymers of ethylene oxide 
and tetrahydrofuran. Illustrative examples of the aliphatic 
polyester include poly(e-caprolactone), polyenantholactone, 
polycaprylolactone, poly(butylene adipate) and poly(ethyl 
ene adipate). Examples of polyester-type thermoplastic elas 
tomers preferred for use in the invention include those in the 
Hytrel series made by DuPont-Toray Co., Ltd., and those in 
the Primalloy series made by Mitsubishi Chemical Corpora 
tion. 

[0143] When the isocyanate mixture (B) is prepared, it is 
desirable for the relative proportions of above components 
(b-1) and (b-2), expressed as the Weight ratio (b-1)/(b-2), to be 
Within a range of from 100/5 to 100/ 100, and especially from 
100/10 to 100/ 40. If the amount of component (b-1) relative to 
component (b-2) is too loW, more isocyanate mixture (B) 
must be added to achieve an amount of addition adequate for 
the crosslinking reaction With the thermoplastic polyurethane 
(A). In such cases, component (b-2) exerts a large in?uence, 
Which may compromise the physical properties of the ther 
moplastic polyurethane composition serving as the cover 
stock. If, on the other hand, the amount of component (b- 1) is 
too high, component (b-1) may cause slippage to occur during 
mixing, making it dif?cult to prepare the thermoplastic poly 
urethane composition used as the cover stock. 

[0144] The isocyanate mixture (B) can be prepared by 
blending component (b-1) into component (b-2) and thor 
oughly Working together these components at a temperature 
of 130 to 2500 C. using a mixing roll mill or a Banbury mixer, 
then either pelletiZing or cooling and grinding. The isocyan 
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ate mixture (B) used may be a commercial product, a pre 
ferred example ofWhich is Crossnate EM30 (made by Daini 
chi Seika Colour & Chemicals Mfg. Co., Ltd.). Above 
component (B) is included in an amount, per 100 parts by 
Weight of component (A), of generally at least 1 part by 
Weight, preferably at least 5 parts by Weight, and more pref 
erably at least 10 parts by Weight, but generally not more than 
100 parts by Weight, preferably not more than 50 parts by 
Weight, and more preferably not more than 30 parts by 
Weight. Too little component (B) may make it impossible to 
achieve a su?icient crosslinking reaction, so that there is no 
apparent enhancement of the physical properties. On the 
other hand, too much may result in greater discoloration over 
time or from the effects of heat and ultraviolet light, and may 
also have other undesirable effects, such as loWering the 
rebound. 

Second Polyurethane 

[0145] At least one of the cover layers is made of a molded 
resin composition consisting primarily of (A) a thermoplastic 
polyurethane and (B) a polyisocyanate compound. The resin 
composition has present therein a polyisocyanate compound 
Within at least a portion of Which all the isocyanate groups on 
the molecule remain in an unreacted state. Golf balls made 
With such a thermoplastic polyurethane have an excellent 
rebound, spin performance and scuff resistance. 
[0146] The cover layer is composed mainly of a thermo 
plastic polyurethane, and is formed of a resin composition of 
primarily (A) a thermoplastic polyurethane and (B) a poly 
isocyanate compound. 
[0147] To fully exhibit the advantageous effects of the 
invention, a necessary and su?icient amount of unreacted 
isocyanate groups should be present in the cover layer-form 
ing resin material. Speci?cally, it is recommended that the 
combined Weight of above components A and B together be at 
least 60%, and preferably at least 70%, of the total Weight of 
the cover layer. Components A and B are described in detail 
beloW. 
[0148] The above-described thermoplastic polyurethane 
(A) has a structure Which includes soft segments made of a 
polymeric polyol(polymeric glycol) that is a long-chain 
polyol, and hard segments made of a chain extender and a 
polyisocyanate compound. Here, the long-chain polyol used 
as a starting material is not subject to any particular limita 
tion, and may be any that is used in the prior art relating to 
thermoplastic polyurethanes. Exemplary long-chain polyols 
include polyester polyols, polyether polyols, polycarbonate 
polyols, polyester polycarbonate polyols, polyole?n polyols, 
conjugated diene polymer-based polyols, castor oil-based 
polyols, silicone-based polyols and vinyl polymer-based 
polyols. These long-chain polyols may be used singly or as 
combinations of tWo or more thereof. Of the long-chain poly 
ols mentioned here, polyether polyols are preferred because 
they enable the synthesis of thermoplastic polyurethanes hav 
ing a high rebound resilience and excellent loW-temperature 
properties. 
[0149] Illustrative examples of the above polyether polyol 
include poly(ethylene glycol), poly(propylene glycol), poly 
(tetramethylene glycol) and poly(methyltetramethylene gly 
col) obtained by the ring-opening polymerization of a cyclic 
ether. The polyether polyol may be used singly or as a com 
bination of tWo or more thereof. Of these, poly(tetramethyl 
ene glycol) and/ or poly(methyltetramethylene glycol) are 
preferred. 
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[0150] It is preferable for these long-chain polyols to have 
a number-average molecular Weight in a range of from 1,500 
to 5,000. By using a long-chain polyol having a number 
average molecular Weight Within this range, golf balls made 
of a thermoplastic polyurethane composition having excel 
lent properties such as. resilience and manufacturability can 
be reliably obtained. The number-average molecular Weight 
of the long-chain polyol is more preferably in a range of 1,700 
to 4,000, and even more preferably in a range of 1,900 to 
3,000. 
[0151] As used herein, “number-average molecular Weight 
of the long-chain polyol” refers to the number-average 
molecular Weight computed based on the hydroxyl number 
measured in accordance With JIS K-1 557. 
[0152] Suitable chain extenders include those used in the 
prior art relating to thermoplastic polyurethanes. For 
example, loW-molecular-Weight compounds Which have a 
molecular Weight of 400 or less and bear on the molecule tWo 
or more active hydrogen atoms capable of reacting With iso 
cyanate groups are preferred. Illustrative, non-limiting, 
examples of the chain extender include l,4-butylene glycol, 
1,2-ethylene glycol, 1,3-butanediol, 1,6-hexanediol and 2,2 
dimethyl-l ,3-propanediol. Of these chain extenders, ali 
phatic diols having 2 to 12 carbons are preferred, and 1,4 
butylene glycol is especially preferred. 
[0153] The polyisocyanate compound is not subject to any 
particular limitation, although use may be made of one that is 
used in the prior art relating to thermoplastic polyurethanes. 
Speci?c examples include one or more selected from the 
group consisting of 4,4'-diphenylmethane diisocyanate, 2,4 
toluene diisocyanate, 2,6-toluene diisocyanate, p-phenylene 
diisocyanate, xylylene diisocyanate, naphthylene-l,5-dilso 
cyanate, tetramethylxylene diisocyanate, hydrogenated 
xylylene diisocyanate, dicyclohexylmethane diisocyanate, 
tetramethylene diisocyanate, hexamethylene diisocyanate, 
isophorone diisocyanate, norbomene diisocyanate, trimeth 
ylhexamethylene diisocyanate and dimer acid diisocyanate. 
Depending on the type of isocyanate used, the crosslinking 
reaction during injection molding may be dif?cult to control. 
In the practice of the invention, to provide a balance betWeen 
stability at the time of production and the properties that are 
manifested, it is most preferable to use 4,4'-diphenylmethane 
diisocyanate, Which is an aromatic diisocyanate. 
[0154] It is most preferable for the thermoplastic polyure 
thane serving as above component A to be a thermoplastic 
polyurethane synthesiZed using a polyether polyol as the 
long-chain polyol, using an aliphatic diol as the chain 
extender, and using an aromatic diisocyanate as the polyiso 
cyanate compound. It is desirable, though not essential, for 
the polyether polyol to be a polytetramethylene glycol having 
a number-average molecular Weight of at least 1,900, for the 
chain extender to be l,4-butylene glycol, and for the aromatic 
diisocyanate to be 4,4'-diphenylmethane diisocyanate. 
[0155] The mixing ratio of activated hydrogen atoms to 
isocyanate groups in the above polyurethane-forming reac 
tion can be adjusted Within a desirable range so as to make it 
possible to obtain a golf ball Which is composed of a thermo 
plastic polyurethane composition and has various improved 
properties, such as rebound, spin performance, scuff resis 
tance and manufacturability. Speci?cally, in preparing a ther 
moplastic polyurethane by reacting the above long-chain 
polyol, polyisocyanate compound and chain extender, it is 
desirable to use the respective components in proportions 
such that the amount of isocyanate groups on the polyisocy 
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anate compound per mole of active hydrogen atoms on the 
long-chain polyol and the chain extender is from 0.95 to 1.05 
moles. 
[0156] No particular limitation is imposed on the method of 
preparing the thermoplastic polyurethane used as component 
A. Production may be carried out by either a prepolymer 
process or one-shot process in Which a knoWn urethane 
forming reaction is carried out using the long-chain polyol, 
chain extender and polyisocyanate compound. Of these pro 
cesses, a process in Which melt polymerization is carried out 
in a substantially solvent-free state is preferred. Production 
by continuous melt polymeriZation using a multiple screW 
extruder is especially preferred. 
[0157] Illustrative examples of the thermoplastic polyure 
thane serving as component A include commercial products 
such as Pandex T8295, Pandex T8290 and Pandex T8260 (all 
available from DIC Bayer Polymer, Ltd.). 
[0158] Next, concerning the polyisocyanate compound 
used as component B, it is critical that, in at least some of the 
polyisocyanate compound in the single resin composition, all 
the isocyanate groups on the molecule remain in an unreacted 
state. That is, polyisocyanate compound in Which all the 
isocyanate groups on the molecule are in a completely free 
state must be present Within the single resin composition, and 
such a polyisocyanate compound may be present together 
With polyisocyanate compound in Which some of the isocy 
anate groups on the molecule are in a free state. 

[0159] Various types of isocyanates may be employed 
Without particular limitation as this polyisocyanate com 
pound. Illustrative examples include one or more selected 
from the group consisting of 4,4'-diphenylmethane diisocy 
anate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, 
p-phenylene diisocyanate, xylylene diisocyanate, naphthyl 
ene-1 ,5 -diisocyanate, tetramethylxylene diisocyanate, 
hydrogenated xylylene diisocyanate, dicyclohexylmethane 
diusocyanate, tetramethylene diisocyanate, hexamethylene 
diisocyanate, isophorone diisocyanate, norbomene diisocy 
anate, trimethylhexamethylene diisocyanate and dimer acid 
diisocyanate. Of the above group of isocyanates, the use of 
4,4'-diphenylmethane diisocyanate, dicyclohexylmethane 
diisocyanate and isophorone diisocyanate is preferable for 
achieving a good balance betWeen the in?uence on process 
ability of such effects as the rise in viscosity that accompanies 
the reaction With the thermoplastic polyurethane serving as 
component A and the physical properties of the resulting golf 
ball cover material. 

[0160] In the practice of the invention, although not an 
essential constituent, a thermoplastic elastomer other than the 
above-described thermoplastic polyurethane may be 
included as component C together With components A and B. 
Including this component C in the above resin composition 
enables the How properties of the resin composition to be 
further improved and enables various properties required of 
golf ball cover materials, such as resilience and scuff resis 
tance, to be increased. 
[0161] Component C, Which is a thermoplastic elastomer 
other than the above thermoplastic polyurethane, is exempli 
?ed by one or more thermoplastic elastomer selected from 
among polyester elastomers, polyamide elastomers, ionomer 
resins, styrene block elastomers, hydrogenated styrene-buta 
diene rubbers, styrene-ethylene/butylene-ethylene block 
copolymers and modi?ed forms thereof, ethylene-ethylene/ 
butylene-ethylene block copolymers and modi?ed forms 
thereof, styrene-ethylene/butylene- styrene block copolymers 
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and modi?ed forms thereof, ABS resins, polyacetals, poly 
ethylenes and nylon resins. The use of polyester elastomers, 
polyamide elastomers and polyacetals is especially preferred 
because, oWing to reactions With isocyanate groups, the resil 
ience and scuff resistance are enhanced While retaining a 
good manufacturability. 
[0162] The relative proportions of above components A, B 
and C are not subject to any particular limitation, although to 
fully achieve the advantageous effects of the invention, it is 
preferable for the Weight ratio ABC of the respective com 
ponents to be from 100:2: 50 to 100:50:0, and more preferably 
from 100250 to 1001308 

[0163] In the practice of the invention, the resin composi 
tion is prepared by mixing component A With component B, 
and additionally mixing in also component C. It is critical to 
select the mixing conditions such that, of the polyisocyanate 
compound, at least some polyisocyanate compound is present 
in Which all the isocyanate groups on the molecule remain in 
an unreacted state. For example, treatment such as mixture in 
an inert gas (e. g., nitrogen) or in a vacuum state must be 
furnished. The resin composition is then injection-molded 
around a core Which has been placed in a mold. To smoothly 
and easily handle the resin composition, it is preferable for the 
composition to be formed into pellets having a length of 1 to 
10 mm and a diameter of 0.5 to 5 mm. Isocyanate groups in an 
unreacted state remain Within these resin pellets; the unre 
acted isocyanate groups react With component A or compo 
nent C to form a crosslinked material While the resin compo 
sition is being inj ection-molded about the core, or due to 
post-treatment such as annealing. 
[0164] The foregoing method of molding the cover layer is 
exempli?ed by feeding the above-described resin composi 
tion to an injection molding machine, and injecting the mol 
ten resin composition around the core so as to mold a cover 

layer. The molding temperature varies according to such fac 
tors as the type of thermoplastic polyurethane, but is typically 
in a range of 150 to 2500 C. 

[0165] When injection molding is carried out, it is desirable 
though not essential to carry out molding in a loW-humidity 
environment such as by purging With a loW-temperature gas 
using an inert gas such as nitrogen or loW deW-point dry air or 
by vacuum treating some or all places on the resin paths from 
the resin feed area to the mold interior. Preferred, non-limit 
ing examples of the medium used for transporting the resin 
include loW-moisture gases such as loW deW-point dry air or 
nitrogen. By carrying out molding in such a loW-humidity 
environment, reaction by the isocyanate groups is kept from 
proceeding before the resin has been charged into the mold 
interior. As a result, polyisocyanate in Which the isocyanate 
groups are present in an unreacted state is included to some 
degree in the resin molded part, thus making it possible to 
reduce variable factors such as an unWanted rise in viscosity 
and enabling the actual crosslinking e?iciency to be 
enhanced. 

[0166] Techniques that can be used to con?rm the presence 
of polyisocyanate compound in an unreacted state Within the 
resin composition prior to injection molding about the core 
include those Which involve extraction With a suitable solvent 
that selectively dissolves out only the polyisocyanate com 
pound. An example of a simple and convenient method is one 
in Which con?rmation is carried out by simultaneous thermo 
gravimetric and differential thermal analysis (TG-DTA) in an 
inert atmosphere. For example, When the resin composition 
(cover material) used in the invention is heated in a nitrogen 
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atmosphere at a temperature ramp-up rate of 10° C./min, a 
gradual drop in the Weight of diphenylmethane diisocyanate 
can be observed from about 150° C. On the other hand, in a 
resin sample in Which the reaction betWeen the thermoplastic 
polyurethane material and the isocyanate mixture has been 
carried out to completion, a Weight drop from about 150° C. 
is not observed, but a Weight drop from about 230 to 240° C. 
can be observed. 
[0167] After the resin composition has been molded as 
described above, its properties as a golf ball cover can be 
further improved by carrying out annealing so as to induce the 
crosslinking reaction to proceed further. “Annealing,” as used 
herein, refers to aging the cover in a ?xed environment for a 
?xed length of time. 
[0168] In addition to the above resin components, various 
optional additives may be included in the outermost cover 
layer material in the present invention. Such additives 
include, for example, pigments, dispersants, antioxidants, 
ultraviolet absorbers, ultraviolet stabiliZers, parting agents, 
plasticiZers, and inorganic ?llers (e.g., Zinc oxide, barium 
sulfate, titanium dioxide, tungsten). 
[0169] When such additives are included, the amount of the 
additives is suitably selected from a range Within Which the 
objects of the invention are achievable, although it is advan 
tageous for such additives to be included in an amount, per 
100 parts by Weight of the thermoplastic polyurethane serv 
ing as an essential component of the invention, of preferably 
at least 0.1 part by Weight, and more preferably at least 0.5 
part by Weight, but preferably not more than 10 parts by 
Weight, and more preferably not more than 5 parts by Weight. 
[0170] Molding of the cover using the thermoplastic poly 
urethane of the invention may be carried out by using an 
inj ection-molding machine to mold the cover over the inter 
mediate layer Which encases the core. Molding is carried out 
at a molding temperature of generally from 150 to 250° C. 

Intermediate Cover Layer Material 

[0171] Illustrative, non-limiting, examples of the interme 
diate cover layer material include thermoplastic or thermo set 
polyurethane elastomers, polyester elastomers, ionomer res 
ins, highly neutraliZed ionomer resins and polyole?n elas 
tomers. These may be used singly or as mixtures of tWo or 
more thereof. The use of an ionomer resin or a highly neu 
traliZed ionomer resin is preferred. It is desirable for at least 
one intermediate cover layer to be made of a resin composi 
tion Which includes as the essential ingredients above-de 
scribed components (a) to (d). 
[0172] Next, the hardnesses of the respective cover layers 
are described. 

[0173] The innermost cover layer has a Shore D hardness of 
preferably at least 38, more preferably at least 42, and even 
more preferably at least 44, but preferably not more than 55, 
more preferably not more than 53, and even more preferably 
not more than 51 . The innermost cover layer is softer than the 
hardest cover layer, the Shore D hardness difference therebe 
tWeen being preferably more than 2, more preferably more 
than 5, and even more preferably more than 7. At a Shore D 
hardness difference therebetWeen of less than 2, the de?ec 
tion of the ball under a speci?c load may become large, giving 
the ball a poor feel on impact, although this depends also on 
the balance With the core de?ection under a speci?c load. The 
upper limit in the Shore D hardness difference is preferably 
not more than 20, more preferably not more than 1 5, and even 
more preferably not more than 10. 
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[0174] The outermost cover layer has a Shore D hardness of 
preferably at least 40, more preferably at least 44, and even 
more preferably at least 46, but preferably not more than 57, 
more preferably not more than 55, and even more preferably 
not more than 53. The outermost cover layer is softer than the 
hardest cover layer, With the Shore D hardness difference 
therebetWeen being preferably more than 1, and more pref 
erably more than 2. At a Shore D hardness difference ther 
ebetWeen of less than 1, the outside of the ball Will be hard, 
Which may result in a poor controllability. The upper limit in 
the Shore D hardness difference is preferably 18 or less, more 
preferably 15 or less, and even more preferably 12 or less. 
[0175] The intermediate cover layer is the hardest cover 
layer. It has a Shore D hardness of 58 or less, preferably 57 or 
less, and more preferably 56 or less, but preferably at least 45, 
more preferably at least 48, and even more preferably at least 
51. At a Shore D hardness above 58, the feel of the ball on 
impact Worsens. In addition, the spin rate on approach shots 
decreases, resulting in a poor controllability. On the other 
hand, at a Shore D hardness of less than 45, the ball may have 
a poor resilience. 

[0176] In the practice of the invention, the combined thick 
ness of the cover layers (the sum of the respective thicknesses 
of the innermost, intermediate and outermost layers) is at 
least 3.5, preferably at least 4.5 mm, and more preferably at 
least 5 mm. The upper limit in the combined thickness of the 
cover layers is preferably 8 mm or less, more preferably 7 mm 
or less, and even more preferably 6 mm or less.At a total cover 

layer thickness greater than 8 mm, the feel on impact may 
Worsen. On the other hand, at a total cover layer thickness of 
less than 3.5 mm, the spin rate on shots With a driver may 
become excessive, as a result of Which the ball may assume a 
high trajectory and thus become subject to Wind effects. 
[0177] The innermost cover layer has a thickness of pref 
erably at least 1.6 mm, more preferably at least 1.7 mm, and 
even more preferably at least 2 .5 mm, but preferably not more 
than 3 .2 mm, more preferably not more than 3. 1 mm, and even 
more preferably not more than 3 .0 mm. At a thickness greater 
than 3.2 mm, the feel on impact may Worsen, Whereas at a 
thickness less than 1 .6 mm, the spin rate on shots With a driver 
becomes excessive, possibly causing the ball to assume a high 
trajectory Which makes it more subject to Wind effects. 
[0178] The intermediate cover layer has a thickness of pref 
erably at least 0.8 mm, and more preferably at least 0.9 mm, 
but preferably not more than 1 .8 mm, and more preferably not 
more than 1.6 mm. 

[0179] The outermost cover layer has a thickness ofat least 
0.3 mm, preferably at least 0.4 mm, and more preferably at 
least 0.5 mm, but not more than 0.8 mm, and preferably not 
more than 0.7 mm. If the outermost cover layer is thicker than 
the above range, the spin rate of the ball on full shots With a 
club such as a driver Will rise excessively, resulting in a poor 
distance. On the other hand, if the outermost cover layer is 
thinner than the above range, the ball Will have a poor feel on 
impact in the short game, in addition to Which the ball may 
have a poor spin stability on ?iers, a poor durability, and in 
particular a poor scuff resistance. 

Speci?c Gravity Difference 

[0180] The speci?c gravity difference betWeen the core and 
the innermost cover layer is preferably less than 0.1, more 
preferably less than 0.09. and even more preferably less than 
0.08. If the difference betWeen the speci?c gravity of the core 
and the speci?c gravity of the innermost cover layer is larger 
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than the range indicated above, the center of gravity for the 
core Will not coincide With the center of gravity for the ball, 
thus destabilizing the roll and the spin behavior of the ball. 
Moreover, such a ball design is poorly suited for mass pro 
duction. 

Hardness Difference BetWeen Core Center Hardness and 
Innermost Cover Layer 

[0181] In the practice of the invention, the difference 
betWeen the Shore D hardness at the center of the core (A) and 
the Shore D hardness of the innermost cover layer (B) must be 
optimized so as to satisfy the conditionA>B-10. The hardness 
is designed so that preferably A>B-8, and more preferably 
A>B-6. At A:B-10, the durability of the ball to impact Wors 
ens. 

Dimples 

[0182] The cover has a plurality of dimples on the surface 
thereof. The number of dimples is preferably at least 250, 
more preferably at least 300, and even more preferably at least 
350, but preferably not more than 430, more preferably not 
more than 410, and even more preferably not more than 390. 
Within this range, the ball readily incurs lift forces, enabling 
the distance traveled by the ball, particularly on shots With a 
driver, to be increased. To better increase the surface coverage 
ratio of the dimples, it is recommended that the dimples be 
formed in preferably at least four types of mutually differing 
diameter and/ or depth, more preferably at least ?ve types, and 
even more preferably at least 6 types, but preferably not more 
than 20 types, more preferably not more than 15 types, and 
even more preferably not more than 12 types. The dimples are 
preferably formed so as to be circular as vieWed from above, 
and have an average diameter of preferably at least 3.0 mm, 
more preferably at least 3 .3 mm, and even more preferably at 
least 3.5 mm, but-preferably not more than 4.7 mm, more 
preferably not more thane 4.4 mm, and even more preferably 
not more than 4 .0 mm. To achieve an appropriate trajectory, it 
is desirable for the dimples to have an average depth of 
preferably at least 0.140 mm, more preferably at least 0.145 
mm, and even more preferably at least 0.150 mm, but prefer 
ably not more than 0.185 mm, more preferably not more than 
0.180 mm, and even more preferably not more than 0.174 
mm. As used herein, “average diameter” refers to the mean 
value for the diameters of all the dimples, and “average 
depth” refers to the mean value for the depths of all the 
dimples. The diameter of a dimple is measured as the distance 
across the dimple betWeen positions Where the dimple region 
meets land (non-dimple) regions, that is, betWeen the highest 
points of the dimple region. The golf ball is usually painted, in 
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Which case the dimple diameter refers to the diameter When 
the surface of the ball has been covered With paint. The depth 
of a dimple is measured by connecting together the positions 
Where the dimple meets the surrounding land so as to de?ne 
an imaginary plane, and determining the vertical distance 
from a center position on the plane to the bottom (deepest 
position) of the dimple. 
[0183] As described above, in the multi-piece solid golf 
ball of the invention, the ball rebound has been further 
improved and the spin rate on shots With a driver has been 
suf?ciently reduced, thus increasing the distance traveled by 
the ball. In particular, on shots taken With a driver at a high 
head speed, the ball has a high initial velocity and thus travels 
farther. The ball also has a good feel on shots taken With a 
driver, and has an excellent spin performance on approach 
shots. 

EXAMPLES 

[0184] The folloWing Examples of the invention and Com 
parative Examples are provided by Way of illustration and not 
by Way of limitation. 

Examples 1 to 7, Comparative Examples 1 to 6 

[0185] Solid cores Were produced by preparing core com 
positions using the formulations shoWn in Table 1 (examples 
of invention) and Table 2 (comparative examples) beloW, then 
molding and vulcaniZing the compositions under vulcaniZa 
tion conditions of 1550 C. and 15 minutes. TWo cover lay 
ersian innermost cover layer and an intermediate cover 
layeriWere then inj ection-molded over these cores from 
formulations A, B, C, D and E shoWn in Table 3. Next, an 
outermost cover layer H Was applied as shoWn beloW over the 
resulting three-layer spheres, thereby giving four-piece golf 
balls. 
[0186] In Examples 1 to 7 and Comparative Examples 1 to 
6, the various starting materials shoWn in column H of Table 
3 (units: parts by Weight) Were kneaded in a nitrogen atmo 
sphere With a tWin-screW extruder to form cover resin com 
positions. These resin compositions Were in the form of pel 
lets having a length of 3 mm and a diameter of 1 to 2 mm. 
[0187] The sphere encased by the intermediate cover layer 
Was placed Within an injection molding mold, and above 
cover material H Was injection-molded over the sphere, 
thereby forming four-piece golf balls having covers of a spe 
ci?c thickness according to Examples 1 to 7 and Comparative 
Examples 1 to 6. The cover properties Were measured after 
preparing a 2 mm thick injection-molded sheet of the mate 
rial, subjecting the sheet to 8 hours of annealing treatment at 
1000 C., and letting the annealed sheet stand at room tem 
perature for one Week. 

TABLE 1 

Example 

1 2 3 4 5 6 7 

Core 1,4-cis Polybutadiene 100 100 100 100 100 100 100 
composition 1,1 —Bis(tert-butylperoxy)cyclohexane 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Dicumyl peroxide 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
2,2'-Methylenebis (4-methyl-6-t-butyl- 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
phenol) 
Zinc diacrylate 35.5 35.5 35.5 36 36 36 36 
Zinc oxide 5 5 5 5 
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TABLE l-continued 

14 

Fxamnle 

1 2 3 4 5 6 7 

Barium sulfate 14.2 13.9 16.0 16.5 16.5 16.5 16.5 
Zinc salt of pentachlorothiophenol 1 1 1 1 1 1 1 
Zinc stearate 5 5 5 5 5 5 5 

Innermost Formulation A 80 80 80 95 95 95 95 
cover layer Formulation B 0 0 0 5 0 0 0 

Formulation C 0 0 0 0 0 0 0 
Formulation D 0 0 0 0 5 5 5 
Formulation E 0 0 0 0 0 0 
Thermoplastic polyester 15 15 15 0 0 0 0 
Hydrogenated butadiene 5 5 0 0 0 0 
Barium sulfate 21 21 21 22 22 22 22 
Magnesium stearate 1 1 0 0 0 0 

Intermediate Formulation A 0 0 0 0 0 0 0 
cover layer Formulation B 100 100 100 100 100 100 100 

Formulation C 0 0 0 0 0 0 0 
Formulation D 0 0 0 0 0 0 0 

Outermost Formulation H 100 100 100 100 100 100 100 

cover layer 
Core Diameter (mm) 33.7 34.9 32.6 32.6 32.6 32.6 32.6 

Weight (g) 23.5 26.0 21.4 21.5 21.5 21.5 21.5 
Deflection (mm) 3.3 3.3 3.3 3.3 3.3 3.3 3.3 
Center hardness (Shore D) 42 42 42 42 42 42 42 
Speci?cgravity 1.17 1.17 1.18 1.18 1.18 1.18 1.18 

Innermost Thickness (mm) 2.3 1.7 2.9 2.9 2.9 2.9 2.9 
cover layer Hardness (Shore D) 49 49 49 50 51 51 51 

Speci?cgravity 1.12 1.12 1.12 1.11 1.11 1.11 1.11 
Intermediate Thickness (mm) 1.5 1.5 1.5 1.5 1.5 1.4 1.6 
cover layer Hardness (Shore D) 56 56 56 55 56 56 56 
Outermost Thickness (mm) 0.7 0.7 0.7 0.7 0.7 0.8 0.6 
cover layer Hardness (Shore D) 47 47 47 47 47 47 47 
Ball Diameter (mm) 42.7 42.7 42.7 42.7 42.7 42.7 42.7 

Weight (g) 45.4 45.4 45 .4 45.4 45.4 45 .4 45.4 
Deflection (mm) 2.50 2.50 2.50 2.31 2.31 2.29 2.29 
Number ofdimples 378 378 378 378 378 378 378 
Average diameter ofdimples (mm) 3.8 3.8 3.8 3.8 3.8 3.8 3.8 
Average depth ofdimples (mm) 0.159 0.159 0.159 0.159 0.159 0.159 0.159 
Number ofdimple types 10 10 10 10 10 10 10 
Initial velocity on shots With driver (m/s) 80.7 80.8 80.7 80.7 80.7 80.7 80.7 
Spin rate on shots With driver (rpm) —82 —63 —91 —95 —94 —79 —107 
Spin rate on approach shots (rpm) 120 119 129 122 115 165 90 
Feel on shots With driver good good good good good good good 

TABLE 2 

Comparative Example 

1 2 3 4 5 6 

Core 1,4-cis Polybutadiene 100 100 100 100 100 100 
composition 1,1—Bis(tert-butylperoXy)cycloheXane 0.3 0.3 0.3 0.3 0.3 0.3 

Dicumyl peroxide 0.3 0.3 0.3 0.3 0.3 0.3 
2,2'—Methylenebis(4—methyl—6-t-butyl- 0.1 0.1 0.1 0.1 0.1 0.1 
phenol) 
Zinc diacrylate 35.5 35.5 35.5 36 37.0 35.5 
Zinc oxide 5 5 5 5 5 5 
Barium sulfate 15.8 14.4 13.2 12.6 15.4 16.0 
Zinc salt of pentachlorothiophenol 1 1 1 1 1 1 
Zinc stearate 5 5 5 5 5 5 

Innermost Formulation A 0 0 0 80 80 80 
cover layer Formulation B 0 0 0 0 0 0 

Formulation C 0 0 0 0 0 0 
Formulation D 0 0 0 0 0 0 
Formulation E 70 70 70 0 0 0 
Thermoplastic polyester 25 25 25 15 15 15 
Hydrogenated butadiene 5 5 5 5 5 5 
Barium sulfate 20 20 20 21 21 21 
Magnesium stearate 1 1 1 1 1 1 
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TABLE 2-continued 

Comparative FXamnle 

1 2 3 4 5 6 

Intermediate Formulation A 0 0 0 0 0 0 
cover layer Formulation B 100 100 100 100 100 0 

Formulation C 0 0 0 0 0 0 
Formulation D 0 0 0 0 0 100 

Outermost Formulation H 100 100 100 100 100 100 
cover layer 
Core Diameter (mm) 33.7 34.9 36.4 36.4 32.6 32.6 

Weight (g) 23.6 26.1 29.4 29.4 21.4 21.4 
Deflection (mm) 3.3 3.3 3.3 3.3 2.9 3.3 
Center hardness (Shore D) 42 42 42 42 43 42 
Speci?cgravity 1.18 1.17 1.16 1.16 1.18 1.18 

Innermost Thickness (mm) 2.3 1 7 0.95 0.95 2.85 2.85 
cover layer Hardness (Shore D) 52 52 52 49 49 49 

Speci?cgravity 1.11 1.11 1.11 1.12 1.12 1.12 
Intermediate Thickness (mm) 1 2 1 2 1.2 1 2 1 2 1 2 
cover layer Hardness (Shore D) 56 5 6 56 5 6 56 61 
Outermost Thickness (mm) 1 0 1 0 1 0 1 0 1 0 1 0 
cover layer Hardness (Shore D) 47 47 47 47 47 47 
Ball Diameter (mm) 42.7 42.7 42.7 42.7 42.7 42.7 

Weight (g) 45.4 45.4 45.4 45.4 45 .4 45 .4 
De?ection (mm) 2.30 2.30 2.30 2.30 2.30 2.10 
Number ofdimples 378 378 378 378 378 378 
Average diameter ofdimples (mm) 3.8 3.8 3.8 3.8 3.8 3.8 
Average depth ofdimples (mm) 0.159 0.159 0.159 0.159 0.159 0.159 
Number ofdimple types 10 10 10 10 10 10 
Initial velocity on shots With driver (m/s) 79.8 80 80.2 80.8 81.1 80.9 
Spin rate on shots With driver (rpm) —59 —35 —5 0 90 —168 
Spin rate on approach shots (rpm) 229 231 242 228 247 0 
Feel on shots With driver good good good good NG NG 

[0188] Details on the core materials are provided below. [0205] Magnesium stearate: 

The numbers 1n the tables 1nd1cate parts by Weight. ' [0206] Produced by NOF Corporation (Uji sangyo) 
[0189] P0lybutad1ene: Produced by J SR Corporation under the trade name “Nissan Magnesium stearate:, 
under the trade name “BR730.” 

[0190] 1,1-Bis(tert-butylperoxy)cyclohexane: TABLE 3 
[0191] 40% dilution produced by NOF Corporation. 

[0192] Dicumyl peroxide: Produced by NOF Corpora- Formulation 
tion. 

[0193] 2,2‘—Methylenebis(4-methyl—6-t-butylphenol): A B C D E H 

[0194] Produced by Ouchi Shinko Chemical Industry Numl AN4318 100 
Co., Ltd. Himilan 1605 65 35 50 

[0195] Zinc diacrylate: Produced by Nihon Jyoryu Himilan 1706 50 
Kogyo Co" Ltd' Himilan 1555 50 

[0196] Barium sulfate: Produced by Sakai Chemical 7 35 50 
Industry Co., Ltd. under the trade name “Precipitated Dynaron 61001) 3125 30 
Barium Sulfate #100.” Polytail H 2 4 

[0197] Zinc oxide: Produced by Sakai Chemical Indus- B?h?nic acid 13 
try Co' Ltd Magnesium stearate 20 0.31 

’. ' . c 1' t t 0.15 0.0018 

[0198] Zlnc stearate: Produced by NOF~Corporat1on. £52m e 015 00018 
[0199] Details on the 1ngred1ents included 1n the mnermost Magnesium oxide 15 
cover layer material are provided below. Calcium hydroxide 2.3 

[0200] Thermoplastic polyester: ilrim?lylsllpr‘l’gane (1)48 
[0201] ~ A thermoplastic polyester elastomer produced ygfzw? 0:005 
by Mltsubishr Chemical Corporatlon under the trade phthalocyanine blue 0_003 
name “Primalloy N2800.” Carbon black 0.0003 

[0202] Hydrogenated butadiene: Fame?‘ 8295 25 
- - - Pandex 8290 75 

[0203] A termmal ammo-modi?ed S-EB-C type ther- . 
. Thermoplastic polyether-ester 15 

moplast1c block copolymer produced by J SR Corpo- dastom?r 
ration under the trade name “Dynaron 4630P.” polyisocyamte Compound 9 

[0204] Barium sulfate: Produced by Sakai Chemical 
Industry Co., Ltd. under the trade name “Precipitated 
Barium Sulfate #300.” 

Numbers in the table indicate parts by Weight. 
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[0207] Trade names for the major materials appearing in 
the above table are given below. 

[0208] Nucrel AN4318: A ternary copolymer produced 
by DuPont-Mitsui Polychemicals Co., Ltd. 

[0209] Himilan 1605 : A zinc ionomer of a binary copoly 
mer. Produced by DuPont-Mitsui Polychemicals Co., 
Ltd. Shore D hardness, 65. 

[0210] Himilan 1706: A sodium ionomer of a binary 
copolymer. Produced by DuPont-Mitsui Polychemicals 
Co., Ltd. Shore D hardness, 64. 

[0211] Himilan 1555: A sodium ionomer of a binary 
copolymer. Produced by DuPont-Mitsui Polychemicals 
Co., Ltd. Shore D hardness, 60. 

[0212] Himilan 1557: A zinc ionomer of a binary copoly 
mer. Produced by DuPont-Mitsui Polychemicals Co., 
Ltd. Shore D hardness, 59. 

[0213] Surlyn 9945: A zinc ionomer of a binary copoly 
mer. Produced by E.I. DuPont de Nemours & Co. Shore 
D hardness, 62. 

[0214] Dynaron: An ole?nic thermoplastic elastomer 
produced by J SR Corporation. 

[0215] Behenic acid: Produced by NOF Corporation 
under the trade name “NAA-222S (poWder).” 

[0216] Polytail H: A loW-molecular-Weight polyole?n 
polyol produced by Mitsubishi Chemical Corporation. 

[0217] Calcium hydroxide: 
[0218] Produced by Shiraishi Calcium Kaisha, Ltd. 
under the trade name “CLS-B.” 

[0219] Pandex: An MDl-PTMG type thermoplastic 
polyurethane produced by DlC-Bayer Polymer. 

[0220] Titanium dioxide: 
[0221] Produced by lshihara Sangyo Kaisha, Ltd. 
under the trade name “Tipaque R550.” 

[0222] Polyisocyanate compound: 
[0223] 4,4-Diphenylmethane diisocyanate. 

[0224] Thermoplastic polyether-ester elastomer: 
[0225] Produced by DuPont-Toray Co., Ltd. under the 

trade name Hytrel 4001. 

Hardness of Individual Cover Layers 

[0226] The Shore D hardnesses of the cover materials (resin 
compositions) formed into sheets, as measured according to 
ASTM D-2240. 

Core and Ball De?ection (mm) 

[0227] The de?ection (mm) When a spherical body is com 
pressed under a ?nal load of 1,275 N (130 kgf) from an initial 
load state of 98 N (10 kgf). 
Initial Velocity of Ball (m/s) 
[0228] The initial velocity of the ball When hit at a head 
speed of 54.8 m/ s With a driver (TourStage X-Drive 405, 
manufactured by Bridgestone Sports Co., Ltd.) mounted on a 
swing robot. 
Spin Rate of Ball (rpm) 
[0229] The spin rate Was measured under the same condi 
tions as mentioned above, and the difference betWeen the 
measured value and the value obtained in Comparative 
Example 4 (Which Was assigned a reference value of “0”) Was 
indicated. 
Spin Rate on Approach Shots (rPm) 
[0230] The spin rate on approach shots taken With, as the 
club, a TourStage TP600 at a head speed of 26 m/s using a 
sWing robot Was measured. The difference betWeen the mea 
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sured value and the value obtained in Comparative Example 
6 (Which Was assigned a reference value of “0”) Was indi 
cated. 
Feel on Shots With Driver 

[0231] The feel of the balls When actually hit by ?ve top 
amateur golfers having head speeds of about 36 to 45 m/ s 
Were rated as indicated beloW. The driver used in each case 
Was a TourStage X-Drive 405. 

[0232] Good: Soft 
[0233] Fair: Ordinary 
[0234] NG: Hard 
[0235] It is apparent from these test results that, compared 
With the golf balls obtained in Comparative Examples 1 to 6 
Which fall outside the scope of the invention, the golf balls 
obtained in Examples 1 to 7 Which fall Within the scope of the 
invention exhibited a spin rate-loWering effect on shots With a 
driver, had an excellent feel on shots With a driver, and had an 
excellent spin rate on approach shots. 

1. A multi-piece solid golf ball comprising a core Which is 
obtained by molding under heat a rubber composition con 
taining a base rubber, a ?ller, an organic peroxide, an antioxi 
dant and an 0t,[3-unsaturated carboxylic acid, and a cover of at 
least three layers Which encases the core and in Which the 
cover layers other than an outermost cover layer are formed 
primarily of a thermoplastic resin, 

Wherein the core has a de?ection When compressed under 
a ?nal load of 1,275 N (130 kgf) from an initial load state 
of 98 N (10 kgf) of more than 3.2 mm; at least one 
intermediate cover layer situated betWeen an innermost 
cover layer and the outermost cover layer has a higher 
hardness than the innermost cover layer and the outer 
most cover layer; the innermost cover layer and the core 
have a difference in speci?c gravity therebetWeen of 0.1 
or less; the core has a center hardness (A) Which satis?es 
the folloWing condition With respect to the Shore D 
hardness (B) of the innermost cover layer: 

the cover has a hardest layer With a Shore D hardness of 58 or 
less; the cover layers have a combined thickness of at least 3.5 
mm; the outermost cover layer has a thickness of from 0.3 to 
0.8 mm; and the innermost cover layer is made of a resin 
composition comprising: 

100 parts by Weight of one or a mixture of 
(a) an ole?n-unsaturated carboxylic acid random 

copolymer and/or an ole?n-unsaturated carboxylic 
acid-unsaturated carboxylic acid ester random 
copolymer, and 

(d) a metal ion neutralization product of an ole?n-unsat 
urated carboxylic acid random copolymer and/or a 
metal ion neutralization product of an ole?n-unsatur 
ated carboxylic acid-unsaturated carboxylic acid 
ester random copolymer, 

(b) from 5 to 150 parts by Weight of a fatty acid or fatty acid 
derivative having a molecular Weight of at least 228, and 

(c) from 0.1 to 10 parts by Weight of a basic inorganic metal 
compound Which is capable of neutralizing acid groups 
in components (a) and/or (d) and in component (b). 

2. The multi-piece solid golf ball of claim 1, Wherein at 
least one intermediate cover layer situated betWeen the inner 
most cover layer and the outermost cover layer is made of a 
resin composition comprising said components (a) to (d). 
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3. The multi-piece solid golf ball of claim 1, wherein the 
resin composition making up the innermost cover layer fur 
ther comprises: 

(e) a thermoplastic elastomer selected from the group con 
sisting of thermoplastic polyester elastomers, thermo 
plastic block copolymers and thermoplastic urethanes, 

(f) a thermoplastic block copolymer containing end blocks 
modi?ed by a functional group having reactivity With an 
ionomer resin, both end blocks being formed of different 
comonomers, and 

(g) an inorganic ?ller Which is non-reactive With an iono 
mer resin. 

4. The multi-piece solid golf ball of claim 1 Wherein, of 
components (a) and (d), the resin material Which is an ole?n 
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unsaturated carboxylic acid random copolymer (binary ran 
dom copolymer) and/or a metal salt thereof has a Shore D 
hardness of 58 or more, and the resin material Which is an 
ole?n-unsaturated carboxylic acid-unsaturated carboxylic 
acid ester random copolymer (ternary random copolymer) 
and/or a metal salt thereof has a Shore D hardness of 55 or 
less. 

5. The multi-piece solid golf ball of claim 1, Wherein the 
outermost cover layer is formed primarily of polyurethane. 

6. The multi-piece solid golf ball of claim 1, Wherein the 
outermost cover layer is formed primarily of a thermoplastic 
polyurethane. 


